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ABSTRACT
Knowledge of the pollination biology and breeding systems is very important for understanding the life history of long-
lived tree species.  In case of endangered species, the information may have implication for conservation practices. In the
present investigation on Eugenia discifera Gamble, an endangered tree species, belongs to the family Myrtaceae, the
reproductive phenology, floral biology, pollination biology and breeding system has been studied during 2012-2013. Based
on the observation, the lifespan of a single flower was about 1-2 days and to complete the whole process of fruit formation
was 102-112 days. Inflorescence is terminal raceme or axillary, flowers are hermaphrodite (bisexual), zygomorphic,
epigynous and complete. Sepals and petals are four. Stamens are conspicuous and numerous, stigma simple, fruits are
globoid with crowed by calyx lobes. Breeding experiments showed there is no apomixis. The lowest mean fruit set were
observed with autogamy pollination (34.00±16.73%) and highest mean fruit set were observed with geitonogamy
pollination (48.00±21.68 %) respectively. However, there is no significant difference in the fruit set by geitonogamy and
xenogamy. The flowers are often visited by various pollinating insects. The most frequent visitors are butterfly, Apis sp,
Anomala sp, Altica cyanea (Weber) and they visit to collect food sources such as pollen and nectar for their survival in turn
helps in pollination. The factors responsible for declining the population of Eugenia discifera were recorded.
KEY WORDS: Eugenia discifera, reproductive phenology, floral biology, breeding systems and floral visitors.
INTRODUCTION
Pollination mechanisms are greatly diverse in
angiosperms. Understanding the ecology of critically
endangered species is crucial both in comprehending the
causes of their conservation status as well as formulating
appropriate management measures. Nevertheless,
insufficient appreciation of the ecology of a particular
species is repeatedly cited as a shortcoming in the
management of threatened and endangered plants
(Schemske et al., 1994, Tear et al., 1995). Critically
endangered species are at the sharp end of today’s global
extinction crisis. These are species judged most likely to
become extinct in the immediate future unless
conservation efforts are made (Rossetto et al., 1997).
Causes of rarity and critical endangerment are diverse,
ranging from direct human destruction of wild ecosystems
to processes such as recent evolutionary origin or
reproductive failure of relict species under changed
environmental circumstances (Fiedler & A house, 1992,
Pate & Hopper, 1993). For example, several comparisons
of rare common species pairs have demonstrated that
reproduction and recruitment are often particularly low in
rare species (Munzbergova, 2005, Young et al., 2007).
The need to gather information on the basic biology of
rare species is vital to both species- and community-level
conservation efforts (Saunders & Sedonia, 2006).
Pollination is a fundamental aspect of plant reproduction,
and pollination by animals is largely considered a co-
adaptive process in which plants evolve traits to attract
certain pollinators, where by pollinators then evolve traits
to better exploit floral resources of particular plants, with
the occurring natural selection mediated by that pollinator
(Faegri & Van der Pijl, 1980, Heinrich, 1983).
Conservation of biodiversity refers to different levels of
ecological organization (species, biocenoses, and
ecosystem). In conservation efforts, special interest is
devoted to the protection of rare and endangered species,
many of which may impact the stability of pollination
webs, although mutualistic relations are highly
asymmetrical (Bascompte et al., 2007 and Potts et al.,
2010). The Western Ghats, extending along the West
Coast of India, covers an area of 180,000 square
kilometres. The Western Ghats comprises the major
portion of the Western Ghats of India and Sri Lanka which
is one of 34 global biodiversity hotspots for conservation
and one of the two on the Indian subcontinent. This
contains a lot of endemic and endangered species. Some of
the forests of Western Ghats have been declared either as
National parks or as Reserve forests. There are about 4500
species of flowering plants of the total estimated 17000
species (Ahmedullah and Nayar, 1987). Nayar (1996)
recognized eight micro-endemic centres in the Western
Ghats among which the Agasthyamalai region has a
greater concentration of endemic species. Gopalan &
Henry (2000) have reported 150 taxa as strict endemics to
the Agasthyamalai region of which 24 are tree species.
Species belonging to the genera as Elaeocarpus, Garcinia,
Myristica, and Syzygium occur in swamps. The objective
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of the present study of Eugenia discifera was to
investigate pollination biology and breeding system
occurring in Chemunji Hills of Western Ghats.
Study area
The present research was conducted during the two
consecutive flowering seasons, from 2012 to 2013 in
natural populations of Eugenia discifera in the
Agasthyamalai at Chemunji Hills of Western Ghats,
Thiruvananthapuram district, Kerala, India. The natural
distribution zone of the species is located between N 8°41.
274 Latitude; E 77° 11.205 Longitude. Figure 1 and 2
shows the general distribution locality and approximately
covers an area of 1500 sq km. The co-ordinates and the
distances among the study sites were obtained using a
GPS. The local mean average of annual temperature is
approximately 16-35°C and the average annual rainfall is
approximately 2,800 mm/yr. The relative humidity about
85%, and the soil is latric acidic and red loamy.
FIGURE 1. Location of study area FIGURE 2. Enlarged view in the study area
MATERIAL & METHODS
Plant species
Eugenia discifera is an endangered tree species, belongs to
the family Myrtaceae. It is evergreen medium size tree
growing up to 5-10 m tall (Fig. 6A) and endemic to
Western Ghats. Bark is grey thin (Fig. 6 A1), branchlets
slender, subterete at the tip, with simple leaves, opposite,
3-6×1.5-3.3 cm, elliptic-obovate, acute-narrowly attenuate
at base, shortly acuminate at apex; petioles 3-5 mm long.
Inflorescences are short terminal raceme or pair below the
leaves. A detailed study on their reproductive phenology,
floral biology, pollination biology and breeding system
was conducted two consequent flowering periods.
Reproductive phenology
In order to determine the sequence of reproductive
phenological events of Eugenia discifera was carried out
by randomly selecting five individual plants during the
period 2012 to 2013. Observations were made on
vegetative phase and reproductive phenology of selected
individuals, with respect to time of leaf fall, leaf flushing,
bud initiation, flowering, and fruiting were recorded
monthly on the selected plants. The intensities of these
phenological events were estimated using the semi-
quantitative scale of Fournier (Fournier, 1974) and
identification of the morphological patterns was made
according to the classification proposed by Newstrom
(Newstrom et al., 1994).
Floral biology
Observations were recorded during the entire flowering
period from selected plants. The floral biology of Eugenia
discifera was studied in twenty tagged mature flower buds
from ten inflorescence (one inflorescence per tree) were
followed for recording the time of anthesis and anther
dehiscence was also recorded. The presence of pollen
powder on anther surface was considered to be anther
dehiscence. Buds and flowers were collected and analysed
in the laboratory. Morphometric analyses were performed
the following characters of individual flowers of Eugenia
discifera with a digital caliper. (i) Flower length, (ii)
diameter, (iii) length of sepals, (iv) petals, (v) pistil length,
and stamens length were measured and other floral
characters were visually observed through extensive field
exploration.
Breeding system
To determine the breeding system, pollination experiments
were performed on randomly chosen from five trees in the
population. Various types of breeding experiments
including open pollination, autogamy, geitonogamy,
xenogamy and apomixis were carried out during the two
subsequent years with two flowering seasons (Radford et
al., 1974; Dafni, 1992 and Kearns and Inouye, 1993).
Open pollination (control): flower buds were tagged and
observed the fruit set. Autogamy: mature flower buds were
tagged and bagged with a cloth mesh bag, and fruit set at
maturity was recorded, geitonogamy (manual self-
pollination): mature flower buds were tagged and bagged,
the buds upon opening were hand self-pollinated with
pollen collected from the same plant, re-bagged and fruit
set observed. Xenogamy (manual cross-pollination):
mature flower buds were tagged and bagged, the buds
upon opening were hand cross-pollinated with pollen
collected from two or three other plants and then re-
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bagged and fruit set observed. Apomixis: mature flower
buds were emasculated and bagged without pollination
(Richards, 1986). The Index of self-incompatibility (ISI)
was calculated using the method of Zapata & Arroyo
(1978). The ratio of fruit set through manual self-
pollination to those formed through manual cross-
pollination was taken as the Index of self-incompatibility.
The species with ratios <0.25 are considered self-
incompatible and those with ratios >0.25 as self-
compatible (Subasi and Guvensen, 2011; Mohandass,
2013; Bawa, 1974; Nayak and Davidar, 2010).
Pollinator observation
The observations of flower visitors were made for a total
of approximately 72 hours during three consecutive days
of high diurnal pollinator activity (8:00hrs to 15:00hrs).
The types of insect floral visitors, purpose of visiting, time
interaction with flowers and the foraging activity of insect
floral visitors were observed during different periods of a
day. They were observed with reference to the type of
forage they collected, contact with essential organs to
result in pollination and inter-plant foraging activity in
terms of cross-pollination. They were thereafter classified
either as pollinators or robbers (Dafni, 1992, Inouye,
1980). Some of these insect floral visitors were captured
fixed in 70% alcohol for identification.
Flower, fruit and seed predation
The insect parasites were observed from flower, fruit and
seed on the plants as well as from the litter. Further many
fallen fruits were collected to record fruit infestations and
stored in vials for further identification.
Statistical analysis
The statistical analyses were calculated for floral traits,
and breeding behaviour. Mean and standard deviation was
analyzed using mega stat model (Programmed by J.B.
Orris, Version 9.1.).
RESULTS & DISCUSSION
Reproductive phenology
The reproductive cycle of Eugenia discifera had a regular
monthly periodicity (Fig.3). Leaf fall, leaf emergence, leaf
flushing, flowering and fruit sets are annual events in
Eugenia discifera. The plant was covered fully with green
leaf (vegetative phase) was observed throughout the year.
The leaf fall was observed during the last week of
September and continued till second week of December.
The leaf flushing occurs during the season from December
to January. About two week later, the flower bud
primordial eventually developed into green buds and then
developed into mature buds initiate along with new leaves
sprouting from the tip of the whole inflorescences. The
new leaves appeared light green as compared to mature
leaves which remained dark green. Although the flowering
started in last week of February and the Peak flowering
were observed the first week of March. The flowering
ceases by end of April at the most of population level. A
various phase of floral development were observed in the
flowering season. The initiation of buds takes to the
emergence within 6-8 day. During this stage fully emerged
flower begin to unfold, the average life span of each
flower is 1-2 days. It was shown that the total period
needed to complete the whole process of fruit formation
was 102-112 days (Fig.4). As comparisons, Schmidt-
Adam et al. (1999) recognized six stages of development
on Metrosideros excel (Myrtaceae).
Parameters/months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Vegetative phase
Leaf fall
Leaf flushing
Bud initiation
Flowering
Fruiting
Fruit maturing
FIGURE 3. Phenograms in Eugenia discifera
FIGURE 4. Flowering phenology and fruit development in Eugenia discifera
1-2 days
26-28 days
46-52 days
40-56 days
102-112 days
Life span
Flowering periods
Flower buds to flowering
Flowering to fruit set
Bud formation to fruit
ripening
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Floral biology
Flowering starts from February and continues till the last
week of April, with maximum bloom in March. The
inflorescence is terminal raceme or axillary or solitary
pair, peduncles up to 1 cm long, rusty villous; pedicels 2-
10 mm long, rusty villous; bracts small linear; caducous,
rusty villous; bracteoles 2. Flowers are hermaphrodite
(bisexual), zygomorphic, epigynous and complete.
(Fig.7.C). Calyx tube (ovary), campanulate with four
sepals, and corolla is orbicular, pale yellow with the same
number of petals that are arranged alternate to sepals
(Fig.7.D&E). Stamens are conspicuous and numerous and
anthers orbicular with orange red glands at apex,
basifixed. Disc hairy around style base; style (3.5-4 mm)
long; slout, glabrous, ovule numerous; stigma simple,
fruits are globoid with crowed by calyx lobes, glabrous
(Fig.7). Anthesis started at 07:30 am and the flowers were
completely opened by approximately 09:30 am and
following the anther dehiscence at 08:30 am. The flower
parameters measured are shown in table.1.
TABLE 1. Flower Characteristics in Eugenia discifera
Sl.no Parameters Measurements (Mean ± Std.dev.)
1 Flower length 4.850±0.341
2 Flower diameter 2.670±0.359
3 Pistil length 3.170±0.157
4 Stamen length 2.080±0.210
5 Petals length 0.420±0.123
6 Sepals length 0.200±0.094
Breeding system
Fruit set were properly formed in all the treatment except
that of the apomixis. The results of the breeding system
experiments in autogamy and geitonogamy (manual self-
pollinated) produced different level of mean fruit set
(34.00 ± 16.73%) and (48.00 ± 21.68%) respectively.
Xenogamy (manual cross-pollinated) produced the mean
fruit set (42.00 ± 23.87%) and open pollination (control)
produced the mean fruit set (38.00 ± 24.90%) respectively.
Open pollination was significantly higher fruit set than
autogamy. However, no fruit set was observed in the
emasculated and bagged flowers (apomixis), which fell
soon after the treatment, indicating the absence of
agamospermy of this species. The lowest mean fruit set
were observed with autogamy pollination (34.00 ±
16.73%) and highest mean fruit set were observed with
geitonogamy (manual cross) pollination (48.00 ± 21.68 %)
respectively. Moreover, the ratio of percentage of fruit set
between self and cross pollination showed 1.14 (more than
>0.25 ratio). Thus, fruits were produced after the
treatments of geitonogamy and xenogamy, indicating that
Eugenia discifera was completely out crossing fertile and
self-compatible (Table. 2 & fig.5, 9).
TABLE 2. Breeding system results in Eugenia discifera
Treatments No. of flowers
observed
No. of flowers
fruit  set
Fruit set (%) Mean ± Std.dev.
Open pollination (control) 50 19 38.00 38.00 ± 24.90
Autogamy 50 17 34.00 34.00 ± 16.73
Geitonogamy 50 24 48.00 48.00 ± 21.68
Xenogamy 50 21 42.00 42.00 ± 23.87
Apomixis 50 00 00.00 00.00 ± 00.00
FIGURE 5. Breeding system results in Eugenia discifera
Pollinator observation
The flowers were observed at different times and days.
Floral insects visited the flower and were attracted due to
the presence of nectar, pollen grains, fragrance or colour
of the flower. Floral visitors were observed in during the
day time by seven insect species belonging to Apis sp
(Honey bee); Butterfly, Anomala sp, Altica cyanea
(Weber) and also some rare unidentified insect floral
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Open pollination
(control)
Autogamy Geitonogamy Xenogamy Apomixis
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visitors were observed. Apis sp. (Honey bee) and butterfly
were collecting the pollen and nectar; they were regular
foragers activity throughout the flowering season time
(8:00-9:00hrs & 9:00-10:00hrs) (Fig.10 A & B). Anomala
sp were collecting nectar from calyx part and Altica
cyanea (Weber) were found to be consistent flower-feeder
on the flower parts and those insects were contacting the
anthers and stigma invariably and such contact with the
floral reproductive parts was considered to be resulting in
pollination at the same time (10:00-11:00hrs & 12:00-
13:00hrs) (Fig.10 C & D). Further, unidentified1 insect
collecting nectar and other two rare unidentified insect
floral visitors were damaged the floral parts (14:00-
15:00hrs) (Table 3 & Fig.10 E-I).
TABLE 3. Floral visitors in Eugenia discifera
Sl.No Family Order Scientific name Common name Foraging    nature
1 Apidae Hymenoptera Apis sp Honey bee Pollen/nectar
2 Nymphalidae Lepidoptera - Butterfly Pollen
3 Scarabaeidae Coleoptera Anomala sp - Nectar
4 Chrysomelidae Coleoptera Altica cyanea Weber Pollen
5 Unidentified1 - - - Nectar
6 Unidentified2 - - - Pollen/feeder
7 Unidentified3 - - - Pollen/feeder
FIGURE 6. Eugenia discifera. A. Habitat. B. Flowering tree. C. Dried flowers. D. Flower petal and sepals partially
destroyed by the insects. E. Fallen fruit. F. Infected mature fruit & seed. G. Curculio c-album Fabricius feeding fruit.
H&I. Fruit infested by insects. J. Creamy white larva. A1. Bark.
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FIGURE 7. A. Flower bud initiation. B. An inflorescence. C. Flowering panicle showing expanded flower. D. A single
flower 1 hour after anthesis. The Anthers have dehisced. E. Disc hairy around style base. F. Four petals (pale yellow). G.
Four sepals (green colour). H. Flower buds at various stages of development.
FIGURE 8. Hourly foraging activity of insects on Eugenia discifera
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FIGURE 9 A. & B. Breeding systems (Bagged with mesh cloth). C. Open pollination fruit set. D. Stage wise fruits after
the breeding treatments.
FIGURE 10 A. Apis sp. collecting pollen. B. Butterfly collecting pollen/nectar. C. Anomala sp. collecting nectar after
making a hole in the calyx. D. Altica cyanea (Weber) collecting pollen. E. Unidentified 1 collecting pollen/nectar. F.
Unidentified 2 collecting pollen. G, H & I. Unidentified 3 collecting pollen.
Flower, fruit and seed predation
Flower parts of petals, sepals and anthers were feeder by
Anomala sp., Altica cyanea (Weber), resulting the flower
were unable to get fertilize and failed to develop in to
fruits and some rare unidentified species, as pollinators at
the same time (Fig.10C & D). The fruits are berries and
globoid shape. Young fruits were green in color (Fig. 9),
which appeared during April-July and fruits matured in the
month of May- July. The immature and unripe fruits
contained the insects. The fruits were feeder by Curculio
c-album Fabricus (Fig. 6G). Some of insects puts hole on
the immature and unripe developing fruit of seeds. It has
produce single larva which was creamy white in colour,
when the fruit affected from this insects, fruit falls to the
ground (Fig. 6H-J).
DISCUSSION
Reproductive phenology and floral biology
The present investigation provides the first detailed study
about the pollination biology and breeding systems of
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Eugenia discifera. The basic knowledge on reproductive
biology is not only essential for evolutionary and
systematic studies (Anderson, 1995) but also important for
effective conservation strategies (Holsinger, 1991;
Bernardello et al., 1999) for endangered species like
Eugenia discifera. In the present study we found the
reproductive phenological observations and the floral
transition is a major development event in the life cycle of
flowering plants where by plants switch from a phase of
vegetative growth to one of reproductive growth. The
timing of this event is covered by many factors like season
and climatic (Mark Doyle et al., 2002) like season and
climatic factors. From our study results suggest that
Eugenia discifera has a regular flowering season from
February to the end of April and peak of flowering in
March. Based on our observation of leaf falls under some
climatic variation occurs because of the plant is an
evergreen tree species. The vegetative phase was observed
throughout all the two years. The flower buds initiate
along with new leaves spouting in January to continue till
the end of April. Approximately, 102-116 days was taken
for completion of whole process from the bud initiation to
fruit ripening (Fig. 4). The flowering pattern of Eugenia
discifera is defined as continuous by Newstrom et al.
(1994). Onset and duration of flowering, relative
maturation of male and female sex organs and the number
and arrangement of flowers in a plant profoundly
influence the pollinator visitation pattern in the taxa which
has a direct bearing on the success of their life cycle
(Siddique, 1991).
Breeding system
Based on the breeding experiments, it was observed that
the flowers are morphologically and functionally
hermaphrodite. Pollination is one of the prerequisites for
fertilization and seed set in angiosperms (Faegri and Pijl,
1979). Open pollination experiments showed that it is self-
compatible and out crossing fertile. According to
Sunnichan et al. (2004) the fruit set under open pollination
is poor and is highly variable from tree to tree. In Eugenia
discifera, the open fruit set (natural/control) is low when
compared to the high flower production and different
factors could affect fruit set. It was observed that the bud
and floral parts were damaged by insects, which leads to
the loss of productivity. Secondly, the intensive pollen
collecting behaviour of attending bees and their tendency
to confine to the same plant that they first forage may
result in more wasteful self-pollen transfer. Several factors
may be responsible for the low fruit set under open-
pollination (Tandon et al., 2003). This finding was also
reported in Eugenia dysenterica (Proenca & Gibbs, 1994),
and in some Myrtaceae species (Butcher et al., 1992);
Beardsell et al., 1993 a; Torezan-Silingardi & Del-Claro
1998, Schmidt-Adam et al., 2000; Gressler et al., 2006). In
addition there is no apomixis occurred. Furthermore,
because exclusion of pollinators resulted in the absence of
fruit set, pollinators would seem to be necessary for the
sexual reproduction of these species. As the flowers are at
the canopy level, the wind force can easily make flowers
release pollen into the air and then carry the same to the
receptive stigmas of different flowers and trees. The fruit
set geitonogamy is higher than that from open pollination
(control) and xenogamy. The low fruit set in natural
pollinated flowers as compared to artificial cross
pollinated flowers strongly suggest the requirement of
some external agents necessary for effective pollination
(Sreekala et al., 2008). According to the study report of
breeding experiment in Eugenia neonitida and Eugenia
rotundifolia did not produce fruit in hand-self pollination
experiments, indicating self-incompatibility. In the similar
type of experiments, Eugenia uniflora and Eugenia
punicifolia produced fruits, showing self-compatible
(Proenca and Gibbs, 1994; Gressler et al., 2006; Sobrevila
& Arroyo, 1982; Wyk & Lowrey, 1988; Gressler et al.,
2006) and these results agree with studies on diversity in
Eugenia dysenterica (Telles et al., 2001; Zucchi et al.,
2003) and in Eugenia uniflora Margis et al., 2002;
Salgueiro et al., 2004).
Pollinator observation
Plant species of floral traits that facilitate pollination
efficiency in most aspects of reproduction (Ashman and
Majestic, 2006; Sharma et al., 2008). Bees are the most
common visitors of Myrtaceae in general (Beardsell et
al.,1993; O’Brien & Calder, 1993; Nic Lughadha &
Proenca, 1996; Gressler et al., 2006). However, some
authors described flies as floral visitors of Myrtaceae
species (Beardsell et al.,1993; O’Brien & Calder, 1993;
Silva & Pinheiro, 2007). In the present observations, bees
(Hymenoptera) and butterflies (Lepidoptera) are found to
visit the flowers of Eugenia discifera. It was observed
that, honeybees were responsible for pollination either by
bringing the stigmas near to the anthers or by transferring
pollen grains. It was noticed that, Anomala sp, Altica
cyanea and some other insects cause damage by feeding
floral parts like petals, sepals, and anthers. Pollinator
availability has been considered as probable reason for
differential flowering time in tropical communities (Stiles,
1978; Bawa et al., 1985).
Flower, fruit and seed predation
It was observed that the flowers and fruits of Eugenia
discifera were damaged in large scale due to flower
feeders and larval development inside the fruits. Hence,
there is a drastic decline in fruit and quality seed
production and it bears negative impact on natural
regeneration. Ganesh and Davidar (2001) observed that
biotic agents involved in seed dispersal and seed predation
were six species of birds and five species of mammals. E.
uniflora is also parasitized by Tephritidae (Diptera) and
Eurytidae (Hymenoptera) larvae, common in Myrtaceae
species (Lima 1916; Lughadha & Proenca, 1996; Menezes
et al., 2001).
CONCLUSIONS
The results suggest that Eugenia discifera flowers are
hermaphrodite (bisexual), zygomorphic, epigynous and
complete. Open pollination experiments showed that it is
self-compatible and out crossing fertile. The decline of this
tree species is mainly because of habitat loss, over
exploitation and fragmentation. In addition, the floral, fruit
and seed damage caused by the insects could be the reason
for regeneration success and limited distribution of
Eugenia discifera in the wild. In the present investigation
on the reproductive phenology, floral biology, breeding
systems and pollinator visitation are important because the
evolutionary success and survival of the population. There
I.J.S.N., VOL.6 (1) 2015: 1-11 ISSN 2229 – 6441
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is an urgent need to formulate strategies for the
conservation of the Eugenia discifera populations in the
Western Ghat forests of South India.
ACKNOWLEDGEMENTS
We extend our thanks to the Ministry of Environment and
Forest, Government of India for providing the necessary
funds under the All India Coordinated Project (AICRP) on
Reproductive Biology of  RET Tree species ( F No.
22/10/2010-RE) to undertake the present investigation.
The authors are also thankful to the Department of Botany,
Bangalore University, Bangalore - 560056 and Kerala
Forest Department for providing necessary permission to
locate the plants in Agasthyamalai forest range.
REFERENCES
Ahmedullah, M. & Nayar, M.P.(1987) Endemic Plants of
the Indian region. Vol.1. Peninsular India, Botanical
Survey of India, Calcutta, pp: 262.
Ashman, T.L. and Majestic C.S. (2006) Genetic
constraints on floral evolution; a review and evaluation of
patterns. Heredity 96:343-352.
Bascompte, J. and Jordano, P. (2007) Plant-animal
mutualistic networks: the architecture of biodiversity. Ann
Rev Ecol Syst. 38 (1): 567–593. http:// dx.doi.org/ 10.
1146/ annurev.ecolsys.38.091206.095818.
Bawa, K. S., Derry, D. R. and Beach, J.H. (1985)
Reproductive biology of tropical low land rainforest trees.
Sexual system and incompatibility mechanism. Amer. J.
Bot. 72: 331-340.
Bawa, K.S. (1974) Breeding systems of tree species of a
lowland tropical community. Evolution 28: 85-92.
Beardsell, D.V., O’Brien, S. P., Williams, E.G., Knox,
R.B. and Calder, D.M. (1993) Reproductive biology of
Australian Myrtaceae. Australian Journal of Botany 41:
511-526.
Butcher, P.A., Bell, J.C. & Moran, G.F. (1992) Patterns of
genetic diversity and nature of the breeding system in
Melaleuca alternifolia (Myrtaceae). Australian Journal of
Botany 40: 365-375.
Dafni, A. (1992) Pollination ecology: a practical
approach. New York. Oxford University Press, New
York, Pp.250.
Devy, S. M. and Davidar, P. (2006) Breeding systems and
pollination modes of understory shrubs in a medium
elevation wet evergreen forest, southern Western Ghats,
India. Current Science. 90, 838-842.
Dixon K. W., Kell, S. P., Barrett, R. L. & Cribb, P. J.
(2003) Orchid Conservation. Natural History Publications,
Kota Kinabalu.
Faegri, K. & Van der Pijl, L. (1980) The principles of
pollination ecology. Pergamon Press, Oxford. 244 pp.
Fiedler, P. L. & Ahouse, S. J. (1992) Hierarchies of cause:
towards an understanding of rarity in vascular plant
species. In: P. L. Fiedler & S. K. Jain (eds.), Conservation
Biology: the Theory and Practical of Nature Conservation,
Preservation and Management, pp.23-47.Chapman & Hall,
New York.
Fournier, L.A. (1974) Un metodo cuantitativo para la
medicion de caracteristicas fenologicas es arboles.
Turrialba 24:422-423.
Ganesh, T. & Davidar, P. (2001) Dispersal modes of tree
species in the wet forests of southern Western Ghats.
Current Science 80: 394-399.
Gressler, E., Pizo, M.A. & Morellato, L.P.C. (2006)
Polinizacao e dispersao de sementes em Myrtaceae do
Brasil. Revista Brasileira de Botanica 29: 509-530.
Gopalan, G. & Henry, A.N. (2000) Endemic plants of
India-camp for strict endemics of Agasthyamalai Hills in S
W Hills, Bishen Singh Mahendra Pal Singh, Dehra Dun,
Pp. 413- 415.
Hamrick, J. L. & Godt, M. J.W. (1996) Effects of life
history traits on genetic diversity in plant species.
Philosophical Transactions of the Royal Society in London
351: 1291–1298.
Heinrich, B. (1983) Insect foraging energetics. In: C.E.
Jones & R.J. Little (eds.), Handbook of experimental
pollination biology, pp. 187-214. Van Nostrand Reinhold,
New York, USA.
Holsinger (1999) Conservativity of genetic diversity in
rare and endangered plants. In: Duley EC (ed). The unity
of evolutionary biology. The proceedings of the fourth
International Congress of systematic and evolutionary
biology. Dioscorides Press, Portland, pp 626-633.
Kearns, C. A. & Inouye D.W. (1993) Techniques for
Pollination Biologists .University Press of Colorado,
Nivyot, Colorado: 583 p.
Kaye, T. N. (1999) From flowering to dispersal:
reproductive biology of an endemic plant, Austragalus
australis Var. Plympicus (Fabaceae). Am. J. Bot. 86 (9),
1248-1256.
Koul, M.M., Bhatnagar, A.K. (2007) Plant reproductive
biology studies crucial for conservation. Curr. Sci. 92 (9),
1207.
Lima, A.C. (1916) Sobre alguns Chalcidideos parasitas de
sementes de Myrtaceae. Archivos do Museu Nacional 19:
195-203.
Mark Doyle, Si-Bum Sung and Richard Amasino (2002)
The Genetic Control of Flowering Time. In: Plant
Reproduction (ed. S.D. O’neill and J.A. Roberts).
Sheffield Academic Press. Sheffield. U.K.
Pollination biology and breeding system of Eugenia discifera Gamble
10
Margis, R., Felix, D., Caldas, J.F., Salgueiro, F., Oliveira,
D.E., Montagu, M. & Margis-Pinheiro, M. (2002) Genetic
differentiation among three neighboring Brazil cherry
(Eugenia uniflora L.) populations within the Brazilian
Atlantic forest. Biodiversity and Conservation 11: 149-
163.
Menezes, E.L.A., Menezes, E.B., Silva, P.S., Bittar, A.C.
& Cassino, P.C.R. (2001) Native hymenopteran
parasitoids associated with Anaspretha spp. (Diptera:
Tephritidae) in Soropedica city, Rio de Janeiro, Brazil.
Florida Entomologist 84: 706-711.
Mohandass, D. (2013) Pollination ecology of Impatiens
rufescens (Balsamineae) – An endemic annual herb from
Nilgiri Mountains, Western Ghats, India. International
Journal of Ecology and Environmental Sciences 39: 59-
65.
Munzbergova, Z. (2005) Determinants of species rarity:
Population growth rates of species sharing the same
habitat. American Journal of Botany 92(12): 1987-1994.
Nayar, M.P. (1996)“Hot Spots” of Endemic Plants of
India, Nepal and Bhutan. Tropical Botanic Garden and
Research Institute, Palode, Thiruvananthapuram, 252pp.
Nayak, K.G. Davidar, .P (2010) Pollinator limitation and
the effect of breeding systems on plant production in forest
fragments. Acta Oecologica-International Journal of
Ecology, 36:191-196.
Newstrom, L.E, Frankie, G.W., Baker, H.G. (1994) A
New classification for plant phenology based in flowering
patterns in lowland tropical rain forest trees at La
Selva.Costa Rica.Biotropica 26:141-159.
Nic Lughadha, E., Proenca, C. (1996) A survey of the
reproductive biology of Myrtoideae (Myrtaceae). Annals
of Missouri Botanical Garden 83: 480−503.
O’Brien, S.P. & Calder, D.M. (1993) Reproductive
biology and floral phenologies of the sympatric species
Leptospermum myrsinoides and L. continentale
(Myrtaceae). Australian Journal of Botany 41: 527-539.
Orris, J. B. (2003) MegaStat (Version 9.1): Butler
University, Indianapolis, USA.
Pate, J. S. & Hopper, S. D. (1993) Rare and common
plants in ecosystems, with special reference to the south-
west Australian flora. In: E.D. Schulze & H.A. Mooney
(eds.). Biodiversity and Ecosystem Function, pp. 293-325.
Springer, Berlin.
Proenca, C.E.B., Gibbs, P.E (1994) Reproductive biology
of eight sympatric Myrtaceae from Central Brazil. New
Phytologist 126: 343-354.
Potts, S.G., Biesmeijer, J., Kremen, C., Neumann, P.,
Schweiger, O., Kuninm W.E. (2010) Global pollinator
declines: trends, impacts and drivers. Trends Ecol Evol.25
(6):345–353. http://dx.doi.org/10.1016/j.tree.2010.01.007.
Richards, A.J, (1986). Plant Breeding Systems. London,
Publishers Allen & Unwin, UK.
Rossetto, M., Jezierski, G., Hopper, S. D. & Dixon, K. W.
(1990) Conservation genetics and clonality in two
critically endangered eucalypts from the highly endemic
south western Australian flora. Biological Conservation
88: 321- 333.
Salgueiro, F., Felix, D., Caldas, J.F., Margis-Pinheiro, M.
& Margis, R. (2004) Even population differentiation for
material and biparental gene markers in Eugenia uniflora,
a widely distributed species from the Brazilian coast
Atlantic rain forest. Diversity and Distributions 10:201-
210.
Saunders, N. E. & Sedonia, D. S. (2006) Reproductive
biology and pollination ecology of the rare Yellowstone
Park endemic Abronia ammophila (Nyctaginaceae). Plant
Species Biology 21(2): 75-84.
Schemske, D. W., Husband, B. C., Ruckelshaus, M.H.,
Goodwillie, C., Parker, I. M. & Bishop, J. G. (1994)
Evaluating approaches to the conservation of rare and
endangered plants. Ecology 75(3):584-606.
Schmidt-Adam, G., Gould, K.S., Murray, B.G. (1999)
Floral biology and breeding system of pohutukawa
(Metrosideros excels, Myrtaceae). NZ. J. Bot 37:687-702.
Schmidt-Adam, G., Young, A.G. & Murray, B.G. (2000)
Low outcrossing rates and shift in pollinators in New
Zeland Pohutukawa (Metrosideros excels, Myrtaceae).
American Journal of Botany 87:1265-1271.
Sharma, M.V., Kuriakose, G. and Shivanna, K.R. (2008)
Reproductive strategies of Strobilanthes kunthianus, an
endemic, semelparous species in southern Western Ghats,
India, Botanical Journal of the Linnean Society.157,155-
163.
Silva, A.L.G. & Pinheiro, M.C.B. (2007) Biologia floral e
de Polinizacao de quarto species de Eugenia L.
(Myrtaceae). Acta Botanica Brasilica 21:235-247.
Siddique, M.A.A. (1991) Germplasm Assessment of Some
Rare and Threatened Medicinal Plants of Kashmir
Himalayas. Ph.D. Thesis. University of Kashmir.
Sobrevila, C. & Arroyo, M.T.K. (1982) Breeding systems
in a montane tropical cloud forest in Venezuela. Plant
Systematic and Evolution 140: 19-37.
Stiles, G.F. (1978) Temporal organization of flowering
among the humming bird food plants in a tropical forest.
Science. 198: 1177-1178.
Sreekala, A.K. Panduranagan, A.G. Ramasubbu, R.
Kulloli S.K, (2008) Reproductive biology of impatients
coelotropis Fischer, a critically engangered balsam from
the Southern Western Ghats. Curr. Sci. 95(3):386-388.
I.J.S.N., VOL.6 (1) 2015: 1-11 ISSN 2229 – 6441
11
Subasi, U. and Guvensen, A. (2011) Breeding systems and
reproductive success on Salvia smyrnaea. Turkish Journal
of Botany 35: 681-687.
Sunnichan, V.G., Ram, H.Y. and Shivanna, K.R. (2004)
Floral sexuality and breeding system in gum karaya tree,
Sterculia urens. Plant Systematics and Evolution 244 201
218.
Tandon, R., Shivanna, K.R., & Mohan Ram, H.Y. (2003)
Reproductive biology of Butea monosperma (Fabaceae).
Ann. Bot. 92(5) 715-723.
Tear, T.H., Scott, J. M., Ayward, P.H.H. & Griffith, B.
(1995) Recovery plans and the endangered species act: are
criticisms supported by data? Conservation Biology
9(1):182-195.
Telles, M.P.C., Diniz Filho, J.A.F., Coelho, A.S.G. &
Chaves, L.J. (2001) Autocorrelacao espacial das
frequencias alelicas em subpopulacoes de cagaiteira
(Eugenia dysenterica DC. Myrtaceae) no sudeste de
Goias. Revista Brasileira de Botanica 24: 145-154.
Torezan-Silingardi, H.M. & Del-Claro, K. (1998)
Behavior of visitors and reproductive biology of
Campomanesia pubescens (Myrtaceae) in cerrado
vegetation. Ciencia e Cultura 50:282-284.
Wyk, A. E. & Lowrey, T. K. (1988) Studies on the
reproductive biology of Eugenia L. (Myrtaceae) in
Southern Africa. Monography Systematic Botanic
Missouri Botanical Garden 25: 279-293.
Young, A.S., Chang, S. M. & Sharitz, R. R. (2007)
Reproductive ecology of a federally endangered legume,
Baptisia arachnifera, and its more widespread congener,
B. lanceolata (Fabaceae). American Journal of Botany
94(2): 228-236.
Zapata, T.R., Arroyo, M.T.K. (1978) Plant reproductive
biology of a secondary deciduous tropical forest in
Venezuela. Biotropica 10: 221–230.
Zucchi, M.I., Brondani, R.P.V., Pinheiro, J.B., Chaves,
L.J., Coelho, A.S.C. & Vencovsky, R. (2003) Genetic
structure and gene flow in Eugenia dysenterica DC. In the
Brazilian Cerrado utilizing SSR markers. Genetic and
Molecular Biology 26: 449-457.
co. 89, 749-760.
